The paper contains a study of intrabeam scattering in a low energy electron storage ring to be used as part of a Compton back-scattering x-ray source. We discuss time evolution of emittances and dependence of IBS growth rates on lattice parameters.
INTRODUCTION
Practical use of Compton back-scattering for x-ray production has been suggested by several authors. Recently Z. Huang and R. Ruth [l] proposed a novel scheme that involves the interaction between a laser pulse trapped in an optical cavity and a fast recirculating electron bunch. The proposal is currently being considered for implementation.
The size of the required storage ring is naturally small (to boost the electron-photon collision rate) and the energy low. Production of x-rays of the order of 1 A-a value of interest in many applications -using a 1 p wavelength laser requires an electron energy of only about 25 MeV. While appealing for obvious reasons such a low value for the energy gives the machine performance the unusual feature of being limited by intrabeam scattering (IBS). Relatively low emittances in all three degrees of freedom are desired to achieve acceptably high brightness. Transverse (normalized) emittances and relative momentum spread should be of the order of -m and respectively for a given reasonable choice of the other relevant parameters ( N = 6 x lo9 particles/bunch, 1 cm rms bunch length, Pf N P,* N 1 cm at interaction, 3 m ring circumference and 3 mJ. laser pulse energy in the optical cavity). With these phase-space dimensions the IBS growth time is a few msecs, much shorter than the radiation damping time due to either synchrotron light or x-ray emission (which are of the order of 1 sec). The goal of this study is to carry out a detailed calculation of the IBS growth rates for a realistic lattice and determine an adequate value for the repetition rate necessary to maintain acceptable beam quality.
IBSTHEORY
An IBS theory can be built on two basic assumptions: i) particles undergo random and uncorrelated collisions ii) collisions are properly described by the Rutherford cross section. On this basis one can derive a diffusion equation with drift and diffusion coefficients depending on the beam distribution [3] . By making additional assumptions on the form of the beam distribution one can then derive involves the classical radius of the particle T,, the rms bunch length os, the relativistic factor PO and the so-called Coulomb logarithm with A= 2~ 2/8,. In emittance dominated beams the minimum Coulomb scattering angle 0, is determined by bunch sizes. We set logh, = 16. The quantities on the RHS of (1)-(3) are understood to be averaged (. . .) along the lattice. The following calculations were carried out using the specifically written Mathematica package MathLattice. The package (based in part on the package SynchrotronDesign [4] for determining the lattice functions) computes the integrals (4) efficiently using the Mathematica built-in functions. When the eigenvalues of L are nondegenerate (degenerate) the integrals (4) reduce to combinations elliptical integrals (elementary functions). Close to degeneracy the integrals are most accurately evaluated from their Taylor expansion in the differences of the eigenvalues. 
DISCUSSION
The present discussion will be mostly based on the case- In the calculation radiation effects can be neglected because, as already pointed out, the corresponding damping time is much longer than the IBS time scale. An example of solution with initial conditions &Eo = = 5 p, oppo = is shown in Fig. 4 . Other relevant parameters are N = 6 x lo9, os,-, = 1 cm, E = 25 MeV. One can see that over an interval of 20 msec the vertical emittance remains unchanged while the horizontal emittance and momentum spread increase by about a factor 3 and 2.5 respectively. Intermediate changes at t = 0.0166 and t = 0.008 sec corresponding to repetition rates of 60 and 120 Hz are reported in Table 1 . Because the storage ring should function over a range of energies to allow tunability of the x-ray source, the calculation has been repeated for E = 18 MeV and E = 36 MeV -which define an interval of interest in applications like, for example, protein crystallography. The results are also reported in 1(I,,),l or (I,,) ,. Because These observations are consistent with the profiles of the IBS growth rates reported in Fig 3. Notice that while 1 /~, shows a strong correlation with X, (Fig. 2), 1/r, (i.e. I,,) is roughly constant along the lattice except at the IP (s=O) where both ,&functions become very small causing the denominator in the integrand (4) also to be small. Incidentally, in Fig. 3 also observe the reasonably good agreement between the IBS rates as calculated according to BM and Piwinsky. Because the main difference in Piwinki calculation comes from neglecting derivatives of the lattice functions the agreement suggests that the smooth approximation for the lattice we are considering may be reasonable good.
In the smooth approximation we have X x N @ / R 2 where R is the average radius of curvature. The expresgests that a way to minimize 7F1 is to decrease p, (i.e. increase the tune) provided that at the same time I,, does not increase too much. Indeed this is the case. As it happens, the net effect of increasing the tune is to make l /~, smaller and l/rz larger. Another way to appreciate this complementarity between horizontal and longitudinal growth rates is to recall the existence (again in the smooth approximation) of the invariant
which was first pointed out by Piwinski. [Existence of this invariant is not mentioned in the BM paper but can be easily derived from (1)-(4) after observing that I,, +Iyg+IZz = 0 and I,, = 0 (the latter only holds in the smooth approximation)]. In the smooth approximation (X,/p,), = l/v; = mom. compaction. Because for E N 25 MeV, v, N 2 we have (l/$ -l/v;) < 0 (i.e. the machine is above transition), from (5) we deduce that an increase in u p results into an increase in E,. However, for a given increase in cp the growth of E , is less pronounced if the factor (l/$ -l/v;) is smaller in absolute value. Above transition its absolute value can be decreased by increasing the tune. This tradeoff is summarized in Fig. 6 , which reports the variation of emittances and momentum spread after t = 0.016 sec as calculated by solving the equations for the evolution of the emittances in the smooth approximation. A similar tradeoff is also expected to apply to the nonsmooth lattice, with the difference that the function to minimize in order to keep the growth of E, under control is (a,), rather than l / v i .
In conclus:on, we have shown that a 0.5 m radius, 25 MeV electron storage ring can operate at a 120 Hz repetition rate with emittance degradation due to IBS of about a factor 2. An exchange between the growth in momentum spread and the horizontal emittance is possible in principle by an appropriate modification of the lattice.
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